GIS and remote sensing were utilized for prioritizing the W. Mujib catchment. Fifty three fourth-order sub-watersheds were prioritized based on morphometric analysis of linear and shape parameters. ASTER DEM (v.2), topographical maps, and Arc GIS (10.1) software, have been employed to delineate the 53 sub-basins, to extract the drainage networks, and to compute the required basic, linear, and shape parameters, and to compile the necessary thematic maps such as elevation and slope categories. The land use/land cover map was generated using ERDAS Imagine (2015), LANDSAT 8 image, and supervised classification (Maximum Likelihood Method). Soil map was digitized using the Arc GIS tool. Each sub-basin is prioritized by assigning ranks based on the calculated compound parameter (Cp). The final score for each sub-basin is ascribed as per erosion threat. The 53 sub-watersheds were grouped into four categories of priority: very high (15 sub-basins, 28.3% of the total), high (17 sub-basins, 32% of the total), moderate (16 sub-basins, 30.2% of the total), and low (5 sub-basins, 9.5% of the total). Sub-basins categorized as very high and high priority (60.3% of the total) are subjected to high erosion risk, thus, creating an urgent need for applying soil and water conservation measures. The validity of the prioritized four groups was tested statistically by means of Discriminant Analysis (DA), and a significant difference was found between the four priority classes. A relatively complete separation exists between the recognized priority classes; thus, they are statistically valid, distinct, and different from each other. The present results intend to help decision makers pay sufficient attention to soil and water conservation programs, and to encourage tree plantation over the government-owned sloping land. Such procedures are essential in order to minimize soil erosion loss, and How to cite this paper:
Introduction
Land degradation in Jordan is attributed mainly to soil erosion by water, land use abuse, and agricultural intensification. Continuous woodland cutting at present following the rise in oil prices, land fragmentation, soil compaction, and low soil organic matter, are also contributing factors underlying land degradation in the rainfed highlands of Jordan [1] . Such processes were active prehistorically and historically in the rainfed highlands. It has been argued that historical soil erosion, intense agriculture, and contour stone terraces have dominated the highlands since the Iron Age [2] . A geo-archaeological survey carried out on W.
Wala deposits suggests that the deterioration of vegetation cover caused severe soil erosion rates at least since the Nabatean period 3000 years ago [3] . Jebari et al. [4] reported that the practice of using a successive agricultural system in other parts of the Mediterranean caused an intensive exploitation of land resources, land use/land cover abuse, and soil degradation over a long period of time. Since the 1960's, various qualitative and quantitative studies have been undertaken on soil erosion and conservation in the country. Soil erosion caused by running water has been estimated for the eastern Rift watersheds to be 1.328 million tons•yr −1 [5] . Similarly, the estimated total sediment inflow to King Talal Reservoir (Zarqa River) ranges from 1.7 to 3.84 MCM (million cubic meters) yr −1 , with an average of 2.813 MCM yr −1 [6] [7] [8] [9] . Also, the predicted average •yr −1 [16] . Several qualitative surveys on soil erosion and conservation were carried out during the 1960's for W. Hasa [17] ; and southern highlands of Jordan [18] ; for W. Shueib and W. Kufrein, Central Jordan [19] ; and for •yr −1 ) [1] . It is obvious that the estimated average annual soil loss rate almost exceeds the acceptable soil loss tolerance limit, which ranges from 2 to 12 ton•ha −1
•yr −1 for the Mediterranean environment [22] [23] [24] . Consequently, high soil erosion rates, and high predicted sediment yield, indicate that future sustainable agriculture is seriously threatened by intense soil erosion. This is disturbing in light of the rapid population growth (2.8% -3.0%/yr −1 ) and chronic shortage of food in the country. Further, the predicted high sediment production, and high soil erosion rates will seriously endanger the present and the future dams in the highland region of Jordan [25] [26] . Quantitative morphometric analysis of drainage basins was elaborated and adopted recently to prioritize sub-basins for soil and water conservation measures [27] - [41] . Linear and shape morphometric parameters, or "the erosion risk parameters" must be extracted and computed to prioritize sub-watersheds for soil conservation. The pioneers who elaborated this approach [27] [ 29] have argued that linear parameters restrain a direct relationship with erodibility.
Hence, the highest value of the linear variable was ranked 1; therefore, the lower their values, the greater the erodibility. Consequently, the lowest value of shape variable was rated as rank 1 and the second lowest as rank 2 and so on. Compound parameter (C p ) was calculated by adding up all the ranks of linear variables, as well as shape variables, and then, dividing by the number of all parameters. Following the rating of every single morphometric parameter, the ranking values of all linear and shape parameters related to each sub-basin are added up for each of the sub-basins to achieve the score of the compound parameter (C p ) based on the average value of these parameters. Furthermore, the sub-basin having the lowest compound parameter score was assigned the highest priority, the next higher value was referred as second priority and so on [42] . Highest priority indicates the greater degree of soil erosion, or prone-erosion areas in that particular sub-basin. Consequently, it is considered a potential area for applying soil conservation measures [36] . In watershed prioritization, several methods of analysis were employed. [34]. It has been argued that the suggested linear and shape morphometric parameters for prioritization are consistent in relation to erodibility. Thus, they considered the most efficient parameters for watershed prioritization and conservation planning compared with other methods of prioritization [39] . However, the limitations pointed out regarding morphometric analysis method in prioritization has been examined in the present study, where the validity of the priority classes was tested statistically using Discriminant Analysis. The present investigation is intended to:
1) Prioritize 53 sub-basins for soil and water conservation with reference to the morphometric analysis method using GIS and RS, 
Study Area

Materials and Methodology
Extraction of the Morphometric Parameters
The basic parameters calculated for the 53 fourth-order sub basin are: Sub-basin area (A) (km 2 ), Perimete (P) (km), stream order (u), basin length (L b ) (km) and total length of streams (L u ) (km).
Sub-Basin Area (A), and Perimeter (P)
The sub-basin area is the plan area of the drainage sub basin (km 2 ). It is considered the most significant hydrological characteristics of a catchment [43] . Thus, it reflects the volume of water that be generated from precipitation. Basin area has been computed using Arc GIS (10.1) software. The present study shows that sub-basins no. 12 has a minimum area of 20 km The watershed perimeter refers to the length of a line that delineates the water divide of the sub-basin. P parameter can be utilized as an indicator of sub-basin shape and size [43] . The maximum and minimum perimeter values are 128 km for sub-basin no. 48, and 18 km for sub-basin no. 12.
Stream Order (u), Basin Length (Lb), and Total Stream Length (Lu)
Strahler's method [44] [45] of stream ordering is adopted due to simplicity, and because it is the most commonly used system in hydrological investigation. All The bifurcation ratio (R b ) is described as the ratio of streams number of a given order to the number of the streams of the next higher order [43] [44], and it is calculated by:
where N u = total number of stream segments of order "u", N u + 1 = no. of segments of the next higher order. 
where A = the basin area; L u = is the total stream length.
Drainage density is a measure of topographic dissection and runoff potential of the drainage basin. High D d value implies high runoff, a quick stream response and in turn, a low infiltration rate and vice versa [53] .
Stream frequency (F s ) refers to the ratio of the total number of streams (N u )
of all orders in a catchment to the watershed area (A). It is represented by the following equation: Texture ratio (T r ) is defined as the ratio of the total number of streams of the first order (N 1 ) to the perimeter (P) of the drainage basin [43] [44] . T r is deter-Journal of Geoscience and Environment Protection mined by:
where N u = the total number of streams of all orders, p = Perimeter (km).
Length of Overland Flow (Lo)
L o parameter is calculated by:
where D d = drainage density. L o is the length of water over the ground before it becomes concentrated in definite stream channels, and is equal to half of drainage density. It is one of the most significant independent parameters affecting both hydrologic and hydrographic development of drainage basins. L o variable is related inversely to the average slope of the channel and is equivalent to the length of sheet flow to a large extent [43] .
The shape morphometric parameters are: form factor (R f ), shape factor (B s ), elongation ratio (R e ), compactness coefficient (C c ) and circulating ratio (R c ).
Form factor (R f ) is computed according to the following formula:
R f parameter refers to the ratio of the area of drainage basin to the square of the basin length [44] . Higher values of R f values imply a more circular shape of a catchment, while smaller R f values (<0.45) indicate that the basin is elongated.
Shape factor (B s ) is defined as the ratio of the square of the basin length to the area of the basin, or
B s parameter provides a notion regarding the circular character of the catchment. The greater the circular character, the greater the fast response of the catchment following an intense rainstorm [55] .
Elongation ratio (R e ) is expressed by the following:
Low R e values imply that the watershed is more elongated. Where the R e values approach 1.0, the shape of the watershed becomes a circular [47] .
Compactness coefficient (C c ) is determined following Gravelius [56] , and refers to the ratio of perimeter of a catchment to circumference of circle area, which is equal to the area of the catchment. C c is computed according to the following equation: Where a C c value approaching 1, denotes that the catchment is close to a circle in shape. If the C c value is 1.28, the basin is more square in shape, whereas the basin is considered a very elongated one when the C c value is >3.0 [57] .
The circularity ratio (R c ) of a watershed is computed based on:
where (A) is the area of the basin, and (P) is the perimeter [46] . If R c is close to 1, the shape of the watershed is circular. Low, medium, and high values of R c indicate young, mature, and old stages of geomorphic development of the watershed respectively.
Tools, Data Used, and Statistical Techniques
The 53 fourth-order sub-basins of W. Mujib were prioritized based on morphometric analysis, using topographic sheets, ASTER DEM and GIS software.
Topo sheets of scale 1:50,000 were acquired from the Royal Jordanian National
Geographic Center, Amman, and were scanned, geo-referenced, and converted to a zone 36 N projection system using Arc GIS 10.1, and the associated tools. to classify landuse/cover, based on the classification system designated by Anderson et al. [58] . A soil map was digitized from the National Soil Survey maps and reports ( Figure 5 ) pertaining to the National Soil and Land Use Maps [59] .
A slope categories map was executed using ASTER DEM (Figure 3 Discriminant Analysis (DA) was employed to test statistically the validity of priority classes of sub-basins generated using morphometric analysis, and to determine if they are significantly different from each other, and also to help explain the regional spatial differences among the fourth-order sub-watersheds in terms of prioritization.
Results and Discussion
Morphometric Analysis
Basis Parameters
The basin area (A) is a major component in hydrological processes [60] . In this connection Chorley et al. [61] reported that the maximum discharge of flood per unit area, is inversely related to the size of the drainage basin. The total area of W. Mujib is 4507.8 km Mujib basin is 136.84 km, and the perimeter is 512.271 km (Table 2) ; the perimeter for the sub-basins ranges from 18 km to 128 km (Table 3) . Sub-basin no. 
Linear Parameters 1) Bifurcation ratio (R b )
The bifurcation ratio (R b ) is defined by Horton [43] as an index for relief and dissection. The mean bifurcation ratio (R bm ) for W. Mujib is 4.1, and for the 53 sub-basins it varies from 2.67 to 11.3 (Table 3) . 
5) Circularity ratio (R c )
R c parameter is a highly useful morphometric measure in correlation with steam discharge. R c is influenced by physical factors such as: geology, morphology climate, land/use, land cover of the watershed [46] . The R c value for W. Mujib is 0.26, whereas the circularity ratios for the 53 sub-basins range from 0.100 (sub-basin no. 5) to 0.755 (sub-basin no. 12). R c values indicate that W. Mujib and the 53 sub-basins are at the youth-age stage of geomorphic development, and most of them are elongated in shape.
Prioritization of Sub-Watersheds Based on Morphometric Analysis
Over the past decade, the morphometric analysis method has been elaborated and The spatial distribution of the four priority classes was determined. Figure 7 illustrates jected to rejuvenation, severe soil erosion and over-grazing, whereas the remaining sub-basins constitute rangeland areas. In northern Jordan, the rainfed farmers are aware of serious soil erosion, and its impact on future agricultural sustainability. They believe that effective land management is urgently needed to restore intensively exploited soil resources [67] . Other farmers are convinced that tree planting and afforestation are decisive in reducing soil erosion rates.
The effects of conservation structures established during the 1980s (stone bunds,
contour stone terraces, and check dams) in the hilly lands of northern Jordan were significant in minimizing soil erosion rates. After launching a governmental program for conservation practice in the late 1980s, the estimated sediment yield for the years 1987-1990 in the KTD (Zerqa River) was considerably reduced [8] . It is also feasible to enhance the soil and water conservation techniques in practice by altering C, P, and LS factors of the RUSLE model which are considered the principal parameters in soil erosion. Also, by modifying farmers environmental attitudes and practices, these factors can be altered significantly [68] with the support of local governmental experts. C, P, and LS factors can be improved noticeably to reduce soil erosion rates, and to conserve moisture in the soil at the farm, hillslope, or sub-basin scale so as to maintain crop productivity.
Slope length and steepness (LS) can be modified by shortening the length and reducing slope steepness. Traditionally, the highland rainfed farmers in Jordan have practiced terraced agriculture since the Iron age [2] . They modified LS factor by the construction of contour stone terraces combined with tree planting on different slopes (0˚ -25˚) to control soil erosion. The advantages of the intensification of present soil conservation measures, and applying the structural solutions to sub-basins ranked as very high, high, and moderate priority will aid in controlling soil erosion loss, and will protect soils from future erosion, reduce sediment loads to control high sedimentation in W. Mujib reservoir, and minimize peak flows across these sub-basins and the entire W. Mujib catchment.
Stone terraces were normally placed in long rows along the contours at various intervals depending on the length and steepness of slope [69] . Terraced farming has been used extensively by farmers to control soil erosion and to conserve soil and water on the farm. Such techniques have been adopted since the Nabatean period, some 3000 years ago [3] . The structural remedy chosen was also aimed to minimize surface runoff, thereby increasing water infiltration in the soil. It is evident from historical and present-day experience that structural choice in soil conservation can be applied on both gentle and steep slopes particularly over sub-basins categorized as very high (sub-basins nos. 1, 9, 16, 34, and 35) and high priority (sub-basins nos. 4, 11, 17, 22, 25, 26, 32, and 46) . All these sub-basins are utilized mainly for rainfed farming. Severe soil erosion and high sediment yields were recorded recently [11] .
Nevertheless, structural solutions should be integrated with technology improving farming practice (i.e., rotation and contour ploughing) of rainfed cultivation to reduce soil loss and improve crop productivity. Irrespective of the installation of effective conservation structures, enhancing the cropping practice is essential to control soil erosion on different slope categories, and terrain units connected with sub-basins classified as high and very high priority for soil conservation. Recent experimental results on soil erosion control and moisture conservation, indicate that the presence of rock fragments on soil surface were highly efficient in reducing runoff and soil erosion. Thus, at an ascertained level Journal of Geoscience and Environment Protection of surface stone coverage (5% to 15%), runoff has been reduced by an average of 17% and 30% respectively [69] . Furthermore, the corresponding reduction in soil loss for both stone treatments above were estimated as large as 35% and 53%
respectively. Nevertheless, the optimal utilization for these sub-basins is to protect the present vegetation cover, redeveloping of the natural vegetation, plantation of specific species of plant suitable for grazing, and planning for effective rangeland management [70] . Likewise, Sharaiha and Ziadat [71] suggest an alternative cropping system to control soil erosion in arid and semiarid areas of ) was found to be a promising farming practice to reduce runoff and soil erosion.
Validation of Priority Classes: Discriminant Analysis (DA)
The validity of prioritization of the 53 sub-basins was tested statistically using Discriminant Analysis. The intention is to test the hypothesis that there is a significant differences between the four priority classes achieved through the morphometric analysis method employed earlier, and if this hypothesis is substantiated to establish a system of a coordinate axis which discriminates between the recognized four priority groups ( Figure 9 ). It is evident that there is a significant difference between the priority classes (1, low priority, to 4, very high priority). Statistical testing was conducted using Discriminant Analysis on a data matrix representing the four priority groups (i.e. With reference to the present results, it can be concluded that prioritization based on morphometric analysis is proven to be statistically valid, consistent and reliable, and of high capacity using the GIS plat form. 
Conclusion
High soil erosion rates are seriously threatening rainfed cultivation and rangel- 
